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Abstract
Coronary Heart Disease can be diagnosed by assessing
the regional motion of the heart walls in ultrasound images
of the left ventricle. Even for experts, ultrasound images
are difﬁcult to interpret leading to high intra-observer vari-
ability. Previous work indicates that in order to approach
this problem, the interactions between the different heart re-
gions and their overall inﬂuence on the clinical condition
of the heart need to be considered. To do this, we pro-
pose a method for jointly learning the structure and param-
eters of conditional random ﬁelds, formulating these tasks
as a convex optimization problem. We consider block-L1
regularization for each set of features associated with an
edge, and formalize an efﬁcient projection method to ﬁnd
the globally optimal penalized maximum likelihood solu-
tion. We perform extensive numerical experiments com-
paring the presented method with related methods that ap-
proach the structure learning problem differently. We verify
the robustness of our method on echocardiograms collected
in routine clinical practice at one hospital.
1. Introduction
We consider the task of detecting coronary heart disease
(CHD) by measuring and scoring the regional and global
motion of the left ventricle (LV) of the heart. CHD typically
causes local segments of the LV wall to move abnormally.
The LV can be imaged in a number of ways. The most com-
mon method is the echocardiogram – an ultrasound video
of different 2-D cross-sections of the LV (see Figure 1 for
an example). This paper focuses on the pattern recognition
problem of classifying LV wall segments, and the heart as a
whole, as normal or abnormal from an ultrasound sequence.
The algorithms used for automatic detection, tracing and
tracking of contours to extract features of the LV wall seg-
ments are described in [38].
Echocardiograms are notoriously difﬁcult to interpret,
and even the best of physicians can misdiagnose heart dis-
ease. Hence, there is a tremendous need for an automated
Figure 1. One frame/view from an LV ultrasound image clip. The
contours delinate the walls of the left ventricular chamber in this
particular view (one of three used). For each given view, these
contours are used to track the movement of the LV wall segments
and generate the features used to train our model.
second-reader system that can provide objective diagnostic
assistance. Inter-observer studies have shown high intra-
observer variability, evidencing how challenging the prob-
lem is in practice.
From clinical knowledge it is known that the heart wall
segments (speciﬁcally the myocardial LV segments) do not
move independently, but they have an effect on each other.
For example, an abnormal segment could be dragged in the
right direction by its contiguous neighbors (e.g.; due to the
muscle physiology), giving the false impression of being
normal. The opposite can also occur, several segments may
look abnormal but in reality there may be only one abnor-
mal segment (potentially diseased). These effects may lead
to correlations (both positive and negative) in the labels of
the 16 LV segments. These would not be taken into account
if the joint classiﬁcation problem were split into 16 inde-
pendent classiﬁcation tasks.
We hypothesize that the interconected nature of the heart
muscle can be more appropriately characterized by struc-
tured output models. We focus in particular on Condi-
tional Random Fields (CRFs). CRFs are undirected graph-
ical models that can be used to compactly represent con-
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